
1r~~/AO—AO78 977 MOORE SCHOOL OF ELECTRICAL ENGINEERING PHILADELPHIA P——ETC F/G 9/3
REMOTE AND DISTRIBUTED ELECTROMAGNETIC RADIATORS . (U)
NOV 79 F HABER DAAG29—7O—C ~ QOl42

GICLASSIFIED UP—VFR C—17—79 ARO—16217.3—A—(L ML
I OF ~ END

• bDc

‘II

p 4



_ _ _  ~~ I~~~H~i2.2
~ 3bl_..

~~ thi2.OLI ~~
I— ll~ft8

I .25 II I .4 ~ 
j .o

I

MICROCOPY RESOUJI1ON TEST CHmT
NATId~ A1 BURIAU O~ StA~ DAROS-1963-~



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Srr .JRI ’~
v CLA5SI. ’~~’ 

‘ N  (~~ fpiJ ’ . ~ &~,lr. rIm.- i - ~’~ ~~~.,.d)

TIONSJ:T
~ 

‘REPORT DOC’JMF.NTATCU PA .~~ -T ING FORM
La GOVT ACCESSION 0. 3. RECIPIUNT~~ ~.. .. ..~.0G NUU~~ER

(~~~~~621 7 .3-A -EL ’ 
—________

4. TITLE (and SubtilE.) 5. TYPI OF 1.EPORT & PERIOD COVERED

Finalto ,~EMOT E AND DISTR IBUTED ELECTRO~1AGNET IC 9/25/7 8 — 9/24/79
TrADIATORS _________

• ‘Sc.-
______________________ 

UP—VFRC~-].7~~~ 7~~~~ 
NUMB ER

I OR GRANT NUMBER’a)7. AU flion (.) 
—

“Th)Fredlllaber 

~ 

DAAG29—78-~C—OQ42

10. PROGRAM ELI~MENT . PROJ ECT . T ASK9. PERFORMING ORGANIZAT ION NAME’~~I~~ 
~~~~~ A RE A & WORK UNIT NUM BERS

Valley Forge Research Center~ Moore School of
Electrical Engineering , University of Pennsylv~n

’ P—l6217—A—EL
Philadelphia , PA 19104

II. CONTROLLING OFFICE NAME AND ADDRESS 

~~~~~ 
2 12. REPORT DATE

U.S. Army Research Office Nove~~her 20. 1919
Post Office Box 12211 13. N U M B C R O F PA G E S

7Research Trianczje Park , NC 2 7709
4. MO eTORING AGENCY NAME & ADDNE.SS(if dlff~renI from ControllI ng Offi ce) 15. SECURITY CLASS. (of  thE. r eport)

Communication Res~~~~ h and Development Command Unclassified
Ft. Monmouth , NJ ~~~~ 

~~~~ ~~ ‘11 15.. DECLASSIFICAT ION/DOW NGRADP NG
SCHEDULE

16. DISTRIBUTION STATEMENT (at th E. f~.po,t)

D D Ca-

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of th. abetted entered in Block 20, ii d if f e r ent from Report)

N A ( ~~~~~~ 1~~~~ I ~~~~~~±s ~~~~~~ ~~~~~~~

—~~+*0. SUPPLEMENTARY NOTES

The findings in this report are not to be construed as an official Department
of the Army position, unless so designated by other authorized documents.

10. KEY WORDS (Co&inu. on r.v.ta. dde It n.c...rnty aid Identify by block numb.r)

~ 
,_•j~ Sparse array, Dispersed array, array relay, self—organizing array,

remote radiators

_ _  
ii’~ 

i s
bloc. numb.f)

_____ 20. A~~ tRACT (Coat~~u* ~~ ,v.ria .&~~ If ~~~~~~~~~
Methods of reducing the risk connected with operation of radio communication

ystems in a military environment were investigated. Two alternative approaches
ere pursued. The first involved methods of direct transport of RF power to re—• ate radiators. Fiber optics, millimeter waves, and intercalated graphite as a

low loss low weight conductive medium, were investigated . The second approach in
olved the use of a widely distributed sparse array as a rece iver , transmitter

and relay. The array method was found particularly appropriate , giving the effec
of distributed obscure source difficult to lo~~~o- 1~ w~~~ ~~~~~~~‘-‘~~ ~~~~~~~ ~~~~~

FO~ NDO , 
~~~~ ~~ 

1473 EDITION OF I ROV eS IS ODSOLETE /j# 1 O ~~ ~SECURITY CLASSIFICAT1OW OF TM1S PAGE (Ilhai Oaf. £nt~,.4)
\

(
~~~~~~~~ _T . :. I ~I1. - .



.-.S—-.—--— 
- 

.—
~ -~~~~~~,-- ~

—•,,-—
~ 

-.• - ---
~

--— -•
~
----- .- —

‘ ‘ ~~ ~~ ‘ •fl •J r ...ac 1~~~•e.~ 
s~ a,. cnr., aj

•, can be physically isolated from users, requires very little power at each of its
elements, can be made self—organizing with the help of its uses, and can provide
diversity and reliability advantages.

N

I

1.

~~~~~~~~

- I ::~H ~ ..~ ~.l

I .

SSCUNITY CLASSIFICATION OF THIS PAOE(117Ien D.t. Ent•r d)

- • 4— - - - •--•- • -- 
.•

~~~ —
IIl__ ~~ —~~~~—~~ — .zS_ ~~~~~~~~~~~~



• - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ TT~ ~---—- • •~=~— • -‘r ~~~~~~~~ ------

• .. ~~~~~ 
• • 

- 

• - • ~~~~~~~~~~~~~~~~~~~~~~~ —
• —.-.•~~ • • —.— .~~

• REMOTE AND DISTRIBUTED ELECTROMAGNETIC RADIATORS

FINAL REPORT

by

Fred Haber

November 1979

a.

1~ U .S.  Army Res earc h O f f i c e
Post Office Box 12211

Research Triangle Park, NC 27709

Contract No. DAAG29—78—C—0042

I
Valley Forge Research Center

Moore School of Electrical Engineering
University of Pennsylvania
Philadelphia, Pennsylvania

APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED.

• ~.-‘—- .•.- - -
~~ 

- --- -- -. - 
- - .

—S .-. ._



• - — — -~~ .--- .—--- - . -~.-—~--- --.- —- -- --
~~~ ~~~-~~r- 

— ~~~~~~~~~~~~ ~

UP-VFRC—17—79 “1~
, 

November 1979

FINAL REPORT
REMOTE AND DISTRIBUTED ELECTROMAGNETIC RADIATORS

by
Fred Haber

1. THE PROBLEM

This study was motivated by the need for methods of reducing the

risk arising from the use of electromagnetic radiators in a military en-

vironment. The danger of exposure at all levels involved in ground opera-

tions was of concern: to men in the field using backpack transceivers,

to vehicular users, and to men and equipment concentrated at communication

centers. Methods were sought which advance some or all of the following:

(1) Allow remoting single—user dedicated antennas and multiple—

user shared antennas to distances sufficient to insure safety

of personnel and their installations in the event of discovery

of the sources of emission;

(2) allow satisfactory communication at lower emission levels than

r currently required, in order to minimize detectability ;

(3) make sources of emission electromagnetically obscure to inhibit

localization;

(4) make it difficult to totally disable the system even when emis-

sion is detected ;

(5) allow for rapid deployment of emitters;

(6) be resistant to interference, intentional or accidental.

Applicable parameters assumed were as follows. Depending on the

nature of the user , safe separations were assumed to range from lOOm to

__________________ _______________b 5-. 1 :
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as high as 10 km. The frequency range of primary interest was the VHF

range, though applications at UHF and higher were also considered . RF

power levels when radiating omnidirectionally were assumed less than

100 watts.

The study was to be pursued along two lines. The first was to deal

- with methods for capitalizing on the gain of large self—organizing arrays

of randomly distributed elements to reduce power requirements, thereby

alleviating the power transport problem. The second study was to deal

with methods of efficiently conveying RF power over distances as speci-

fied above.

2. SUMMARY OF RESULTS

The large array study was advanced to a point of high confidence in

the approach. Greatest attention was given to the use of the array as a

transmit—receive relay acting as intermediary between a major communica-

tion center and men in the field. With the aid of the field user the

array system is self—organizing to form oeams on both field user and

communications center. The power required at all transmitter outputs,

at the communications center , at the array, and at the field transceiver

is extremely small , in part because of the array gain. The system can be

so designed as to make the field strength emanating from the communica-

tions center available to an unauthorized observer below noise level.

The array element outputs individually are also small but the system also

benefits from (a) the focusing of power only toward the intended receiver

resulting only in sidelobe levels elsewhere, and (b) having the signal

— , emanage from a distributed source making it difficult to totally disable
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• the system. In addition, the use of a source comprised of distributed

• elements has the potential of improved spatial coverage in rough terrain

and in urban areas. By dispersing elements widely the probability that

a typically deployed receiver is in view of at least some of the array

elements can be made significant. System plans in the form of block dia-

grams were worked out for two kinds of systems: one in which each array

element was demodulated to base—band then remodulated for transmission,

and a second system which uses up or down conversion at RI.

Focusing is accomplished in these systems by the use of phase shifters.

As a consequence the array will be focused in a band around the center

frequency. The frequency characteristic of the array depends on the

distribution of elements but for a typical distribution extending over

about 1 km square the bandwidth is around 300 KHz. Bandwidths can however

be made larger by using a frequency dependent focusing scheme. Frequency

characteristics were worked out for a wide variety of array geometries.

Similarly, the focal areas obtained with the array under various condi-

tions were worked out. All these results were presented in Valley Forge

Research Center reports listed in the references and they were also pre-

sented at the 22nd Symposium on Circuits and Systems as indicated in the

references. Presentations on the methods devised were also presented at

COR.ADCOM, Fort Monmouth, NJ on May 30, 1979 , at a workshop at the University

of Pennsylvania on April 6, 1979 , and at an Invited seminar at Stevens

Institute of Technology, Hoboken, NJ on November 14, 1979.

Additional work on the array relay is viewed as being required and

is the subject of a new proposal in preparation. It is mainly concerned

with the effects of inultipath and other imperfections in the transmission
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• path, inadvertent and deliberate interference, multiple access, point to

multipoint transmission (in effect, to achieve a broadcast mode) and

experiment. Several of these topics have received preliminary attention

during the course of the present study.

Consideration was also given to the concept of the “singing array”,

a scheme by which two arrays automatically focus on one another. Because

the method did not appear to offer any advantages not obtained by our method

it was not further pursued. Because the singing array (and any array which is

to be retrodirective) requires a common phase reference to all its ele—

ments a method was studied of transmitting such a reference using a modu—

lated light signal over an optical fiber.

Methods of directly transporting energy over the distances required were

also pursued. A brief study was made of the use of millimeter waves in a

line of sight path and of optical fiber. In the former case the method en-

visioned would involve RI modulation of a high power millimeter wave carrier.

Demodulating the millimeter wave signal would produce the RF signal and dc

power to drive an RI power amplifier. In the latter case a similar approach

was proposed though a method by which the primary power would be delivered

through a protective cladding around the fiber was also proposed. The

millimeter wave and optical approaches continue to be subjects of investi-

gation; at the present time the state—of—the—art is not sufficiently ad-

vanced to make the methods immediately practical.

Finally, our work included a study of the potential of intercalated

graphite for transporting RI power to remote antenna locations. Hereto-

fore, this approach was considered for low loss low weight power trans—

mission. Our work in this study aimed at finding the material properties 
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at frequencies up to 40 MHz . The work was mainly experimental and consisted

of impedance measurements performed on pristine and intercalated graphite

fiber bundles which were compared to the values expected from a solid

round conductor having the same cross—sectional area. The rf resistivity

was found to be comparable to that of a solid conductor (a factor of 20 less

than the inductive component for an intercalated graphite sample of cross—

section 6 x l0 4cm
2 
at 40 MHz.) The apparent sample inductance for both

types of fibers was found to be independent of frequency: fifteen percent

below that expected for a solid conductor of equal cross—section and resisti-

vity. It is hypothesized that, based on the earlier measurements at 100 kllz ,

greater dispersion of the filamentary conductors would result in signif i—

cant reduction of impedance.
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